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In the diffusion process of "Computer Integrated 
Manufacturing" (CIM), enterprise size seems to be one of the 
most important factors influencing the penetration level of 
CIM. 
In order to forecast the diffusion of CIM, as well as to 
promote the diffusion more widely, the difference in 
penetration levels between large and small enterprises should 
be analyzed. 
The author has analyzed past penetration data of 
industrial robots in Japan and has quantitatively estimated 
the penetration gap by size of enterprises. This paper does 
not only show the existence of a gap, but also the reasons 
why such a gap is generated. It is hoped that the results 
will be used for establishing an industrial policy which 
would promote the wider and deeper diffusion of CIM in the 
world. 
Subsequent work in this direction will also provide a 
viable model to make forecasting of the penetration of CIM 
more reliable. 
Prof. Jukka Ranta 
Project Leader 
Computer Integrated Manufacturing 
This paper shows the results of econometric analyses on 
the penetration of industrial robots from the viewpoint of 
the enterprise size. Penetration rates are greatly different 
between large and small enterprises. This paper makes the 
gap quantitatively clear. In addition to those fact 
analyses, the reason why smaller enterprises introduce less 
industrial robots was also qualitatively analyzed. The 
difference of wages according to the size of the enterprises 
has a great influence on the penetration rate. Another 
factor is related to economy of scale in the cost of I . R .  
usage, although this factor is not so important in the case 
of I .  R .  as in the case of computers. 
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1. Introduction 
There is a lot of research on the relationship between 
company size and innovation capability of high technology. 
In order to investigate the diffusion processes of high 
technology such as CIM (Computer Integrated Manufacturing), 
"company size (or enterprise size)" is one of the most 
important factors which should be taken into account. 
According to the review done by Maly CMaly 871, there is a 
wide diversity of opinion on the issue among researchers as 
follows: 
Some r e s e a r c h e r s  t h i n k  t h a t  s m a l l ,  young 
c o m p a n i e s  a r e  more i n n o v a t i v e  t h a n  l a r g e r ,  o Z d e r  
o n e s .  
On t h e  o t h e r  hand,  many a u t h o r s  c i t e  e x a m p l e s  
w h e r e  l a r g e  c o m p a n i e s  seem more i n n o v a t i v e .  The 
a b o v e  h y p o t h e s i s  i s  s u p p o r t e d  b y  s e v e r a l  a n a L y s e s .  
As t o  t h e  d i f f u s i o n  o f  m a t u r e  t e c h n o l o g i e s ,  
Ray ( 1 9 8 4 )  came t o  t h e  c o n c Z u s i o n  t h a t  s i z e  h a s  
l e s s  t o  do w i t h  t h e  d i f f u s i o n  o f  new t e c h n o l o g i e s  
i n  m a t u r e  phase  t h a n  was b e l i e v e d  some 10 o r  20 
y e a r s  a g o .  
The results of the case study carried out on BOF 
technology in the steel industry by Maly CMaly 871 show us 
distinctly that the group of large companies is almost twice 
as innovative as the groups of small and medium companies. 
With regard to CIM, Baark and Anxian (1985) have 
demonstrated by comparing the different diffusion patterns of 
CIM (NC, IR and CAD/CAM> that smaller companies lack both the 
financial and technical base for adopting such a technology 
in its early stage. 
2. Aimm of thim Papar 
The first aim of this paper is to validate the following 
hypothesis: 
Computer Integrated Manufacturing (CIM) penetrates 
mainly in large enterprises at the early stage, and diffuses 
in smaller enterprises as its price as well as that of other 
high technological products decreases. 
The second aim is to analyze the relationship between 
enterprise size and penetration level of CIM, quantitatively, 
by using an econometric approach. 
The author developed an econometric model predicting the 
future population of industrial robots as a part of models 
forecasting the penetration of CIM CTani 871. That model 
integrates two sub-models. One of them is the production 
function model, explaining the relationship between the 
penetration level and the relative prices of industrial 
robots to wage. The other model is related to the learning 
curve for robot prices. 
Using the above model, we can forecast the future 
population of I in the manufacturing industry as an 
aggregated volume. 
However, detailed information about the meaning of 
diffusion patterns can not be obtained by that model, because 
it does not explicitly deal with the factors of industrial 
structure. 
In order to clarify the diffusion process of high 
technologies such as I it is necessary to develop an 
econometric model taking into account the effects of 
enterprise size as explicit variables. 
Though the significance of the penetration gap caused by 
the size of enterprises has been widely emphasized, there is 
little research validating the gap and its causes as a 
statistical basis. Most of the research work carried out so 
far deals mainly with large companies or selected companies 
which are not chosen by a random sampling method. The lack 
of information on the penetration gap is thus mainly due to 
the non-availability of correct statistical data including 
the lack of information on which high-technological product 
was implemented in each company or not. It is not 
appropriate either to use the survey data of almost all of 
the questionnaires on robot user companies, because both the 
statistical population and the respondents generally have a 
tendency to deviate to larger and more innovative companies 
with high possibilities to introduce such a high technology. 
Therefore we mainly use statistical data in this paper, 
such as census of manufacturers. 
The third aim of this study is to analyze quantitatively 
those factors which determine the penetration gap among 
various sizes of enterprises. 
The development of an econometric model which can 
estimate the population of I. R. by size of enterprises is 
included in this task. 
In this paper we focus on the penetration of industrial 
robots in the Japanese manufacturing industry as an example 
of CIM penetration on the basis of the availability of 
reliable and detailed data. 
3. Facta Analyair of tha Panatration Gap by Siza of 
Bnterpr ises 
(a) FA equipment and CAD system 
As a starting point, we review the reliable 
existing data on the penetration gap of factory 
automation (FA) equipment and CAD systems. 
The survey done by KITI [ KITI 86-a1 shows the 
present situation on factory automation among 
establishments' located in the northeast districts of 
Japan as follows: 
o Only a quarter of establishments having less than 
50 workers introduced some kind of FA equipment. 
On the other hand, all establishments of more than 
1000 workers have already implemented such 
equipment. There is a tendency that larger 
establishments introduce at a higher rate (see 
Table 1). 
o As to the CAD system, the data in Table 1 show its 
tendency more distinctly. Only 3% of small 
establishments introduced CAD systems, while the 
corresponding number 55.6% for large establishments 
was 55.6%. We can find a wider gap of penetration 
'Definition of "Establishments" in Japanese statistics. 
An establishment is defined as a physical location where 
either goods are produced or services are rendered on 
business. In principle, each business carried on in a 
compound by the same proprietor is regarded as an 
establishment. Accordingly, businesses run by the same 
proprietor at different places are counted as separate 
establishments according to each location, and similarly, 
businesses run by different proprietors In a compound are 
counted separately by each proprietor. Establishments are 
generally called shops, factories, off ices, branches, banks 
and so forth. 
Table 1 
Penetration of FA Bqulp~ents and CAD System 
by Size of Bstabllshmnts in Japan 
FA EQUIP CAD SYSTEM 
S I Z E  TOTAL Y E S  RATIO TOTAL Y E S  RATIO 
- 49 
50- 99 
100-199 
200-299 
300-499 
500-999 
1000- 
TOTAL 
S I Z E :  P e r s o n s  E n g a g e d  i n  E s t a b l i s h m e n t  
TOTAL: T o t a l  N u m b e r  of R e s p o n s e s  
YES:  N u m b e r  of R e s p o n s i n g  " Y e s "  
SOURCE: CMITI 861 
F i g u r e  1 
S i z e  
FA CAD 
between large and small establishments in CAD 
systems than in FA equipment (see Figure 1). 
The above fact implies that a bigger gap exists in 
the early stage (1. e, for CAD systems) compared to the 
mature stage (FA equipment > . 
The higher the penetration, the narrower will be 
the ratio of penetration levels (small/large), although 
the gap in absolute terms still remains big. 
As mentioned above, these facts prove that company 
size (or establishment size) is one of the most 
important factors to determine the penetration level of 
new technological equipment. 
(b> Industrial Robots 
Recent data of JIRA include the information on the 
value of shipments to small and medium enterprises 
(robot users) as well as their total value C JIRA 75-86], 
According to these data of the years 1984 and 1985, 
the averaged shares of shipment to small and medium 
(S&W> enterprises are shown by sectors in Table 2. 
The share of S&W enterprises is 24.5% in the whole 
manufacturing industry. We can see a diversity of 
shares among sectors in Table 2. 
In order to estimate the penetration gap among 
various sizes of enterprises, it is necessary to take 
into account the distribution data of enterprise sizes 
in addition to the above JIRA data. 
In this paper we employ the size distribution data 
of "establishments" -- for reasons of data availabiij ty 
Tabla 2 
Industrial Robot Shipnants by Size of Customers 
(1984 + 1985) in Japan 
Sector Total S&M Ratio Name of Sector 
Food and Textiles 
Lumber, Wood, Pulp and 
Paper Products 
Chemical, Petroleum and 
Coal Products 
Rubber, Ceramic, Stone & 
Clay Products 
Iron and Steel 
Non-ferrous Metals and 
Products 
Fabricated Metal Products 
Machinery, excluding 
Electric 
Electric Machinery, 
Equipment & Supplies 
10 
11 
12 
MFG 
Transport Equipment 
Precision Instruments 
Other Manufacturing* 
All Manufacturing 
S&M: Small and Medium Enterprises 
(Definition: Capital fund (100 million yen or 
workers < 300) 
UNIT: in million yen 
SOURCE: CJIRA 851 & CJIRA 861 
*including "Plastic molding products" which is a major sector 
introducing cheap robots. 
-- in terms of number of workers as a substitute for 
size of "enterprises". 
Another reason why the use of "establishmentt' data 
is more adequate for our study than "enterprise" data, 
is that "establishment" means approximately factory. 
Persons (workers) engaged in manufacturing by size 
of persons engaged in establishments and sectors are 
shown in Table 3. 
We calculate the share of S&M enterprises in the 
population of I.R. at the end of 1984, based upon the 
above data and the following assumptions: 
o Replacement period of I.R. is assumed to be seven 
years according to the J IRA report C J IRA 851 . 
o Robot price does not vary by size of establishment. 
It, of course, varies by sector and year of 
shipments. 
o Establishments of less than 300 workers are assumed 
to correspond to S&M enterprises. This assumption 
is generally employed in the study of S&M 
enterprises in Japan. 
o As there are no data prior to 1983 on the share of 
s h i p ~ n t s  to ShM enterprises in terms of value 
available, we set two cases based upon the 
following assumptions: 
Caee 1. We assume that the share of S&M 
enterprises in 1977 was zero and increased linearly 
up to the averaged figure of 1984 and 1985. 
Care 2. A constant share is assumed in this case 
to be the averaged figure of 1984 and 1985. 
J 
a ~ n a t ~ a - ~ n b ~ n t r ~ r - .  N 
I- m ~ n m r n m m n m ~ ~ ~ n n  m w  
o r - m b a r n - b ~ b m ~ c n  r n o  
According to the facts described in the 
penetration gap of FA and CAD systems, Case 1 seems 
more realistic than Case 2. 
Then we define the penetration level of I.R. 
as the robot population per thousand workers. 
The results of robot population by size (Large 
and S&M> and sector are shown in Table 4. 
According to our analyses, the following 
points are summarized: 
Cara 2. The share of S&M enterprises in robot 
population is estimated to be 30.9% in the whole 
manufacturing industry, higher than 24.5% in terms 
of value. 
The above difference is due to the robot price 
differences among sectors. 
Caea 1. (more realistic case) 
The share of S&M enterprises in robot 
population is estimated to be 20.0% in the whole 
manufacturing industry at the end of 1984. 
Next, we calculated the penetration gap 
between large and S&M enterprises by sector. The 
results are shown in Table 5. 
As to the whole manufacturing industry, the 
penetration level of I.R. in S&M enterprises is 
only at 10.2% of that in large enterprises. 
Most sectors have penetration gaps more than 
six times higher. 
Table 4 
Estimated Ratio of I .  R. Population i n  1984 
t SdtWTotall 
Case 1 Case 2 
S e c t o r  To ta l  S&M Ra t io  Ra t io  S&M 
Case 1: S&M Ra t io  of Shipments (0% i n  1977 and J IRA DATA i n  
1984) 
Case 2:  Constant  between 1978 and 1984: JIRA DATA 
OI 
0 
I- - - , N ~ - ~ ~ ! ~ ~ L u I T I G - ~ J L L  
U - 3 - r  
W 
L'l 
Our facts analyses validate the existence of a big 
penetration gap between large and ShM enterprises in 
robot population. 
4. The Reasons for the Existence of the Penetration Gap 
In this chapter, we analyze quantitatively the reasons 
why lareer enterprises introduce 1.R. at a higher rate. At 
the beginning of the analysis, we extract the factors 
affecting the penetration level of I.R. 
Mori C Mori 871 and the author C Tani 871 developed an 
econometric model to explain the penetration level (Robot 
population/Workers> as a function of P/W. Variable P i W  
denotes the relative price of robot to labor wage. Robot 
price P and annual waee W are considered to be the most 
important factors in the penetration analysis. 
Therefore, we focus in this paper on the effects of 
these factors on the penetration level. 
(a> Wage gap effects 
Averaged annual wages of persons engaged by the 
size of establishments are shown for each sector in 
Table 6. According to these data, the wage in 
establishments with 4-9 workers is less than 58% of that 
of large establishments. We can find a "wage gap" 
between large and small enterprises. 
Larger companies have a tendency to pay higher 
wages for each sector. 
According to the previous studies C Mori 871 C Tani 
871, the penetration rate (U/L> can be expressed as 
follows: 
3 C L I  Kl F! ,Tl * C;J iJ 5 3 'J% 
p, m * El p- 3 m rj t LC6 r< 
T, cf' r - j  rr! 3 r~ m TI rL 
. . . . . . . . . . .  CIJ 
I r~ m T rn u m r r ~  m r\i rr, r~ 
where U, L, P and W denote the population of I .  R. , 
number of workers, price of I .  R. and annual wage, 
respectively. 
Equation ( 1 )  is estimated on the basis of the time- 
series data in our previous studies. 
By applying cross-sectional wage data to the 
equation, we can also estimate the penetration rates by 
size of establishments. 
In order to investigate the effects of the wage 
gap, the following procedures is employed 
U:,,: robot population in sector i and size j 
L, : number of workers in sector i and size j 
W:,,: annual wage in sector i and size j 
C , :  constant of sector i 
Constant C ,  can be calculated in equation ( 4 )  from the 
given data of total population in sector i (U:,) through 
equation ( 3 ) .  
where M denotes the number of sizes. 
Penetration rate of sector i and size j and 
penetration rate gap i (G,> between large and ShM 
enterprises ( D i d >  can be calculated from the following 
definition: 
= [ P U  / P L  I/[ F U  / H L  ] Gi j=1 i j  j=1  i j  j = m + l  i j  j = m + l  i j  
The d a t a  used i n  t h i s  e s t i m a t i o n  a r e  shown a s  L:,, 
i n  Table  3, Ui.4 i n  Table  5 and WL., i n  Tab le  6 .  
In  o r d e r  t o  c a r r y  o u t  t h e  above e s t i m a t i o n ,  
pa ramete r  a s h o u l d  be g i v e n .  a d e n o t e s  t h e  e l a s t i c i t y  
of s u b s t i t u t i o n  between r o b o t s  and workers  and is 
d e f i n e d  i n  t h e  f o l l o w i n g  l a b o r  a rgumenta t ion  
s u b p r o d u c t i o n  f u n c t i o n  [Mori  871: 
In  o u r  p r e v i o u s  s t u d y  CTani 871 pa ramete r  a is 
e s t i m a t e d  by u s i n g  t h e  t i m e - s e r i e s  d a t a  t o  be 0 .7171 .  
The r e s u l t s  of e s t i m a t i o n  by s e c t o r  t h r o u g h  t h e  above 
p rocedure  a r e  shown i n  Table  7 .  
According t o  t h e  compar isons  t o  t h e  p e n e t r a t i o n L '  
r a t e  gap  shown i n  Table  5, c o n s i d e r a b l e  p a r t s  of t h e  gap  
can  be e x p l a i n e d  by t h e  e x i s t e n c e  of a  wage gap  between 
l a r g e  and S & M  e n t e r p r i s e s  as  shown i n  F i g .  2. 
'As t o  s e c t o r s  1 and 3, t h e  d a t a  of l a r g e  e s t a b l i s h m e n t s  
(mare t h a n  1000 workers)  are not  d i s c l o s e d  ( t h e s e  a r e  
i n c l u d e d  i n  t h e  f i g u r e s  of s i z e  [ 300-9991 > .  Theref  o r e ,  w e  
s h o u l d  e x c l u d e  t h o s e  s e c t o r s  i n  o u r  compar isons .  
P O 
0 bO 
4 a 
+, 3 
a 
d'44 
3 0 
a 
0 I 
PI Y 
0 
- 01 
PC '44 
- '44 
- m 
w 
Irc 
0 
l e v e l  
" L a r g  
ge gap 
f e c t s  
. h e r  e f f  
l e v e l  o 
- 1 1 s  & 
S e c t o r  
e c t s  
F i g u r e  - 2 P e n e t r a t i o n  ~ a - p  [ ~ i  (s&M) / ~ i  ( ~ a r g e ) ]  o f  I .R. by S e c t o r  
(b) "Economy of scale" effects on costs of robot use 
Another factor affecting the penetration rate gap 
between large and small enterprises is related to robot 
price (P) in equation (1). 
There is a tendency that larger companies will use 
production equipment at cheaper unit costs, because for 
them the "law of economy of scale" applies. With regard 
to the EDP expenses and the number of computer 
personnel, the evidence of the "economy of scale" is 
reported ae s h o w r ~  in Figure 3 and Figure 4 by the J ~ p n  
Information Processing Development Center [JIPDEC 86 & 
871. 
In the case of I. R. , unfortunately, we cannot 
obtain the data of robot costs by size of establishment. 
However, we can find the existence of economy of scale 
in the ratio of workers related to I.R. as shown in 
Table 8. 
Then, we analyze the effects of economy of scale by 
the following procedures: 
We assume robot price P as a function of the number 
of workers in establishment ( x ) ,  based upon the law of 
economy of scale. The form of the function assumed is 
shown below. 
On the other hand, wage W can be expressed in the 
f 01 lowing form: 
100- 300- 400- 500- 1.000- 3,000- 5000- More than 
299 399 499 999 2.999 4,999 9,999 10,ooo 
F i g .  - 3 P e r c e n t a g e  o f  T o t a l  N o .  o f  Employees Accounted  f o r  
b y  Computer  P e r s o n n e l  
S o u r c e :  ( J I P  Dec 86) 
Average  Elonthly 
EDP Expenses  
p e r  Worker 
I* ( i n  1800 yen 
p e r  month)  
Y 
L 
w o r k e r s  
~ e r s o n s )  
R=O .98  
Samples:  236 
C 
- - 
- 8 . 6 6 . ~  -0.7785 
X 
c :  EDP e x p e n s e s  i n  m i l l i o n  yen/month 
x: N u m b e r  o f  w o r k e r s  i n  t h o u s a n d s  
Ba tch  P r o c e s s i n g  System 
F i g .  - 4 Economy o f  S c a l e  i n  EDP Expenses  
(Company S i z e  and  EDP Expenses )  
S o u r c e :  (JIPDEC 67)  
Table 8 
Share of Vorkers Related to I.R. by Size of Bstablishmente 
A .  Size  of B s t a b l i s h m e n t s  ( w o r k e r s )  
B. Numbel- of E.= , t ab l  i s h m e n t s  
C. A- erased Numbsr of Workers  
D. Share of Workers  r e l a t e d  to I .  R .  C % )  
S o u r c e :  C J I R A  851 
The results of the regression analysis applying to 
equation (10) is shown in Table 9. The parameter d is 
estimated to be 0.1337. 
By substituting equation (10) by (9> ,  robot price P 
can be expressed as a function of wage W as shown below. 
From equations (1) and 1 we can derive the 
penetration rate (U/L> as a function of W: 
where parameter J3 is defined in the following equation: 
Equation (12) gives the effects of the wage gap 
when P=0. In the case of non-zero J3, the equation 
implies the total effects of wage gap and economy of 
scale. We introduce the assumption that the total 
effects consist of the above two factors. Based upon 
the above assumptions, we can calculate the value of 
parameter P when equation (12) gives us the penetration 
rate gap equal to the value (0.102) shown in Table 5. 
The results of estimation for the whole 
manufacturing industry are shown in Table 10. Parameter 
is estimated to be 0.375. This means that the 
contribution ratio of the factors causing the 
Size 
Tabla 9 
Estimation of Vage Gap Function 
Worker EST. W 
Result of Regression Analysis: LN(Wr=LN(Ar+dtLN(X! 
L N ( A > =  8.4853 
STD of Estimation Ca 
R ' 2 =  c b .  gel3 4:~"2= @ .  983 
Number of Samples 7 
Degree of Freedom 5 w= 1 .6247  # x>'!@.13:37! 
a P - . .  
L L C  NNN 
' . . 
,-n + 
d '-1 . . 
-Li in  
r LL-  
cLc r O  
Lrl U W  
LL 
Z m o r n  
I m . .  
LL - @ 
penetration gap is 1:0.375 (wage gap : economy of 
scale). 
The parameter c, therefore, is estimated to be 0.05 
from equation (13). 
In the case of I. R. , economy of scale for robot 
costs is considered to work as follows: 
The robot unit cost in large establishments of 1000 
workers becomes by 10.9% cheaper than that in 
establishments of 180 workers. 
Since we assume that other effects, except for wage 
rate, are caused exclusively by economy of scale for 
robot costs, this value !10. 9%) constitutes the upper 
limit. 
Compared to the case of EDP expenses shown in 
Figure 4, economy of scale for robot costs is 
considerably small. 
<c> Estimation of penetration rate of I. R. by size of 
establishments 
The final result on the penetration rate gap of 
I.R. by size of establishments is illustrated in Figure 
5. Very large factories of more than 1000 workers 
introduce industrial robots at a rate 50 times higher 
than that of very small factories of 4-9 workers. 
Because of this big gap, 57.4% of I. R. population is 
used in very large factories as shown in Figure 6; 
however, only 14.3% of the workers and 0.2% of the 
number of factories fall into the group of these very 
large factories. 
Penetration Rate of I.R. 
u /L 
SIZE (Nmber of Workers) 
Fig. - 5 Penetration Rate of I.R. by Size of Establishments in 
whole Manufacturing Industry (Final Estimation) 
Fig. 6 I.R. Population by Size of Establishments 
F i n a l l y ,  we compare our  e s t i m a t i o n  wi th  t h e  
r e s p o n s e  d a t a  of t h e  JIRA s u r v e y  t o  r o b o t  u s e r s .  The 
d a t a  of t h e  JIRA s u r v e y  a r e  shown i n  Tab le  11, and t h e  
r e s u l t s  of comparison i n  Tab le  12. 
A s  mentioned i n  t h e  J  IRA r e p o r t ,  t h e  r e s p o n s e  d a t a  
of t h e  JIRA s u r v e y  are d i r e c t e d  towards  l a r g e r  
e s t a b l i s h m e n t s .  According t o  t h e  comparison,  w e  c a n  
p o i n t  o u t  t h a t  r e s p o n s e  r a t e  of t h e  JIRA s u r v e y  h a s  a  
t endency  t o  be lower f o r  smaller f a c t o r i e s .  T h i s  k ind  
of t endency  is u s u a l l y  obse rved  i n  s u c h  a s u r v e y .  
5. Conc lumionm 
The r e s u l t s  of o u r  s t u d y  are summarized a s  f o l l o w s :  
The p e n e t r a t i o n  r a t e  gap  of i n d u s t r i a l  r o b o t s  between 
l a r g e  and small e n t e r p r i s e s  is v e r y  b i g .  
T h e r e f o r e ,  most i n d u s t r i a l  r o b o t s  a r e  i n t r o d u c e d  i n  
l a r g e  e n t e r p r i s e s  a t  t h e  p r e s e n t  s t a g e .  
The gap  of I . R .  p e n e t r a t i o n  mentioned above is caused  
mainly  by t h e  wage g a p  between l a r g e  and s m a l l  e n t e r p r i s e s .  
Another f a c t o r  c a u s i n g  t h e  gap  is economy of scale f o r  
c o s t  of r o b o t  u s e ,  a l t h o u g h  t h i s  e f f e c t  is not  a s  b i g  as  i n  
t h e  c a s e  of EDP expenses .  
The economet r i c  model developed i n  o u r  p r e v i o u s  s t u d i e s  
CMori 871,  CTani 871 c a n  a l s o  be a p p l i e d  t h r o u g h  t h e  
m o d i f i c a t i o n s  d e s c r i b e d  i n  t h i s  paper  t o  f o r e c a s t  t h e  r o b o t  
p o p u l a t i o n  by s i z e  of e n t e r p r i s e s .  
A s  d e s c r i b e d  above,  o u r  model c a n  s u c c e s s f u l l y  e x p l a i n  
t h e  p r e s e n t  g a p  of I .  R .  p e n e t r a t i o n  rate.  However, i n  o r d e r  
t o  a p p l y  t h i s  model t o  f o r e c a s t i n g  a t  t h e  mature s t a g e ,  some 

Table 12 
Coatparison of I.R. Population by Size of Establishments 
Between our Estimation and JIRA Survey 
(Vhole Manufacturing Industry) 
-- 
Robot U s e r  S u r v e y  by  
Our  Estimation (JIRA) [see T a b l e  111 
0.3% 
----- 
38- 39 1.6% 
108-299 9.5% 4.5% 
22.1% 13. @ %  i 
8 8 . 7 %  i i 
I 
188. 07- 188. 8% 
--------- L 
modifications are necessary. As indicated in Figure 1, the 
gap is considered to be narrower at a higher diffusion. This 
tendency should be built in for further research. For one of 
the modifications it is considered to introduce the cut-off 
levels in equation (1). These levels consist of parameters 
(P/W>, and (P/W>,, as shown in Figure 7. When (P/W> is 
greater than (P/W>,., the penetration rate is zero. On the 
other hand, the penetration rate is saturated when (P/W> is 
less than (P/W),. If we could estimate these parameters, we 
might solve the above problem. 
Though the results described in this paper are derived 
from the study on the Japanese manufacturing industry, it may 
be concluded that the methods proposed here and their 
significance from the viewpoint of company size can be 
regarded as a useful step towards further international 
investigations on the diffusion of CIM technologies. 
0 ~P/W), 
Fig. 7 Idea of Modification to Equation (1) 
- 
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